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This report of the International Joint Commission
is in response to a Reference from the Governments of Canada
and the United States. It briefly describes the Garrison
Diversion Unit, the area in Canada affected by it, the adverse
effects on Canadian waters and their uses, and measures to
avoid or relieve these adverse effects. The report describes
the technical investigation carried out for the Commission





















conducted by the Commission. Finally, the report outlines
the substance of the Commission's deliberations based on the
investigation and hearings and presents its conclusions and
recommendations.




























































to furnish recreational, fish and wildlife opportunities in


























































































































































































































































































































































































































































































































and recreational fishing in Manitoba.











































































national Joint Commission. The Commission was requested
to report on the existing conditions of water quality,
water quantity, biological resources, and present and
anticipated water uses; the impact of GDU as envisaged
at the time of the Reference on them; to make recommendations
as to such measures as might be taken to assist Governments
in ensuring that the provisions of Article IV of the
Boundary Waters Treaty of 1909 are honoured, and to estimate
the costs of such measures. All this was to be completed
within the severe time constraint of one year.
The Commission immediately established the
International Garrison Diversion Study Board to under—
take the technical investigation. The limited time frame
precluded field studies to obtain new data. Therefore,
existing data were used to assess the impact of GDU on
Canadian waters. The Board during their intensive year—
long investigation adhered to a rigorous schedule so as to
concurrently determine existing conditions in Manitoba and
estimate the quantity, quality and impact of return flows
resulting from the Garrison Diversion Unit. It also examined
proposals to minimize the adverse effects of GDU and to miti—
gate the remaining impacts.
The eight public hearings conducted by the Inter—
national Joint Commission were an integral part of the inquiry
into the transboundary implications of the Garrison Diversion
Unit. Three initial hearings were held in November 1975 to
obtain opinions on the possible effects of GDU and guidance
in planning the investigation. Two months after the Board's
report was distributed, five public hearings were held, in
March 1977, to receive comments on the report and further Views
of concerned individuals, citizen groups, elected represen—
tatives and governmental officials. At each public hearing
all those interested were given the opportunity to express
their views orally or present documentary evidence. In
addition to these formal public hearings, the Board, pursuant
to a Commission Directive, held open meetings to answer
questions on its investigation.
The Commission in its deliberations considered
testimony given at the public hearings, the Board's report
and written submissions. On the basis of this evidence
the Commission has concluded that the construction and
operation of the Garrison Diversion Unit as envisaged would
cause injury to health and property in Canada as a result






























































































































































































































































































































































































































The Garrison Diversion Unit (GDU) as authorized
by the United States Congress in 1965 would divert water
from the Missouri River into the Hudson Bay Drainage Basin
in North Dakota. Construction was initiated in 1967. A
portion of the diverted water would enter the Souris and
Red Rivers as return flow from irrigated lands, seepage,
operational wastes, and as effluent from municipal and
industrial systems. These return flows, mixed with water
of the Souris and Red Rivers, would then enter Manitoba.
Nature of the Problem
 
The Governments of Canada and Manitoba expressed
concern that return flows from GDU would have adverse trans-
boundary effects. They were perturbed that the addition of
GDU waters might increase the amount and frequency of flooding
that occasionally occurs on the Souris, Assiniboine and Red
Rivers. The Project could also adversely affect water quality
in these streams, and in Lake Winnipeg and Lake Manitoba. For
example, return flows might contain higher concentrations of
total dissolved solids, nutrients, and other chemical consti-
tuents.
The GDU might also affect fish and wildlife
resources in Manitoba by transferring foreign biota from the
Missouri River into the Hudson Bay Drainage Basin through
water conveyance systems. Fish, fish diseases, and fish
parasites could have an adverse impact on commercial and
recreational fisheries on Lake Winnipeg and Lake Manitoba.
There could also be a possibility of the introduction of other
biota which could interfere with the existing aquatic systems




































































































Boundary Waters Treaty of 1909.
Scope of the Inquiry
















































































































































































































































































































































































































 and its International Garrison Diversion Study Board at
the outset of the inquiry that there was not enough time
for extensive field studies to obtain new data. The
assessment of the effects of the return flows from the Project
on Canadian waters would have to be made essentially with
existing data. The Board submitted its findings to the Commis—
sion in December 1976. The Commission published and distri-
buted the Board's report in January 1977.
Chronology of Events
During the 1960's and the early 1970's the Commis—
 
sion's International Souris-Red Rivers Engineering Board
informed the Commission of progress in the planning and
construction of the Garrison Diversion Unit. Congressional
authorization for construction of the GDU was enacted in 1965.
After an expression of alarm by Manitoba regarding the poten-
tial transboundary effects of the Project, these concerns
were crystallized in a Canadian aide—mémoire to the Govern—




















Reclamation, Canada submitted a diplomatic note in October
1971 reiterating its concerns as to the possible impacts of

























































































































































































































































































clear that this obligation would be met.












































































































































































































and, within a week, issued its Directive to the Board.
The Commission held initial public hearings at Minot,






































the United States Bureau of Reclamation described the



















lation of the Boundary Waters Treaty.
The Commission approved the Board's plan of




















In January 1977 when the Board's report and





















 organizations, and governmental agencies. In addition,
copies of the report were madeavailable at public libraries
and a number of distribution points in the region. Two
months later, in March 1977, the Commission conducted public
hearings to receive comment on the Board's report and the
views of all those concerned with the transboundary
implications of GDU. These hearings were held at Minot and
Grand Forks, North Dakota, and at Souris, Winnipeg and
Portage la Prairie, Manitoba.
The Commission, during its deliberations, considered
the report of the International Garrison Diversion Study Board,






The area of primary interest to this inquiry is
the Garrison Diversion Unit and the area in Manitoba which
would be affected by it. It includes components of the
Project in the United States; the Souris, Assiniboine and
Red Rivers; and Lakes Manitoba and Winnipeg. It is shown
on Figure 5, a foldout map, at the end of this report.
The Garrison Diversion Unit
 
The Garrison Diversion Unit (GDU) is a multi-
purpose water resource project designed to divert Missouri
River water into central and eastern North Dakota. The
diverted water would be used to irrigate 250,000 acres, to
provide a municipal and industrial water supply to 14 commu—
nities, and to furnish recreational and fish and wildlife
opportunities throughout the area. A schematic representa—
tion of the components of the Project is presented on
Figure 1. It is not to scale, but illustrates the relative
position of the components of the Project in the United States.
The Missouri River, the source of water for the
GDU, is one of the principal rivers in the Mississippi
Drainage Basin, which is one of the important drainage basins
in North America. Most of the Garrison Diversion Unit is
located in the Hudson Bay Drainage Basin, specifically the
Nelson River System, which is another important drainage
system on the North American continent. The latter extends
from the Rocky Mountains in the west almost to Lake Superior
in the east, and from the Mississippi River Basin to about
400 miles or 640 kilometres north of the International Boun-
dary. It drains about 414,000 mi2 (1,080,000 kmz) in the
Provinces of Alberta, Saskatchewan, Manitoba and western
ll
 





















































































































































































































































































































 Ontario into Hudson Bay. Within the Basin are the water—
sheds of Lake of the Woods, the Red and Souris Rivers,
Lake Manitoba, and Lake Winnipeg. Its principal watercourses
are the Saskatchewan and Winnipeg Rivers.
The GDU was authorized by the United States Congress
in 1965. The Snake Creek Pumping Plant, the McClusky Canal
and Lonetree Reservoir, which are the Project's principal
supply works, have been under construction since 1968 by the
Bureau of Reclamation, an agency of the United States Depart—
ment of the Interior.
The Project, as envisaged, would lift Missouri
River water from Lake Sakakawea, formed by Garrison Dam,
via the Snake Creek Pumping Plant into Lake Audubon, an
impoundment adjacent to Lake Sakakawea. Waters from Lake
Audubon would flow by gravity through the 73.6—mile (ll8.5—km)
McClusky Canal across the continental divide into Lonetree
Reservoir.
The Lonetree Reservoir, with a storage capacity
of 424,000 acre—feet or 523,000 cubic decametres (dam3),
would be formed by Lonetree Dam on the upper Sheyenne River
and by Wintering Dam on the headwaters of the Wintering
River, both in the Hudson Bay Drainage Basin; and by the
James River Bikes on the continental divide and also at the
headwaters of the James River in the Missouri River Drainage
Basin. The Reservoir is so situated that water released
from it can be conveyed by gravity into the Souris, Red and
James River Basins as well as the Devils Lake Basin.
The irrigable lands in the GDU consist of the
Middle Souris Area of 103,800 acres and the Karlsruhe Area
of 12,200 acres; the Lincoln Valley Area of 6500 acres;
the New Rockford Area of 20,900 acres; the Warwick—McVille
Area of 47,200 acres; the LaMoure Area of 13,400 acres; and













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































They would discharge into natural waterways or into open
drains leading to natural waterways. This drainage water,
in combination with canal seepage, operational spills, and
precipitation passing through the soil profile would comprise
the major portion of the return flows from GDU to the prin—
cipal river systems. In addition, effluent from municipal
and industrial sources and discharge from wildlife impound—
ments would add to return flows. The composition of return
flows is illustrated in Figure 2 in Chapter V.
Construction activities to date have been limited
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































tion of the Souris Basin near the Boundary and increases to



















been as low as 8 inches (20 cm) during years of drought and
as high as 30 inches (76 cm) in wet years. Surface topo—
graphy, evapotranspiration losses, and other hydrologic




















Most of this runoff occurs during the two months of the
spring freshet.
Demography
Approximately 800,000 people live in the study

































































































































































































































































































































































































































































































































































































































































































































































EXISTING CONDITIONS IN THE
STUDY AREA IN CANADA
In order to assess the potential impacts of the
Garrison Diversion Unit on the Souris, Assiniboine, and
Red Rivers in Canada and Lakes Manitoba and Winnipeg, it is
first necessary to determine their existing conditions of
water quantity, water quality, biological resources, and
present and anticipated water uses.
Present Water Quantities
SOURIS RIVER flows are affected by wet and dry
periods which extend over several years. For instance, since
 
the large spring flood of 1969, above—normal flows have been
experienced almost every year. The maximum recorded flow of
12,400 cubic feet per second (cfs) or 351 cubic metres per
second (m3/s) occurred in April 1976. During the drought of
the 1930's prolonged periods of low flows were experienced.
In addition to these annual fluctuations in flow, the Souris
River also experiences seasonal fluctuations. In general high
flows occur in the spring and low flows occur in winter.
Since 1936 there have been 23 years during which the River
ceased to flow for at least one day. The mean monthly flow
for the Souris at Wawanesa during the spring freshet is
1300 cfs (37 m3/s), and in the winter it is less than 100 cfs
(3 m3/s).
Flooding frequently occurs on the Souris between
Westhope, North Dakota, and Souris, Manitoba. In this reach
300 acres are flooded when the flow is 500 cfs (l3 m3/s),
and 800 acres when the flow is 1000 cfs (28 m3/s). Most of
this flooding occurs just north of the International Boundary.

























































































































































































































































































































































































































































































































































probability of occurring once every 100 years.

























































Flooding commences at Emerson when flows reach





































































The south basin receives most of its inflows from
precipitation directly on the Lake surface,
although the
Portage Diversion may contribute up to 20 percent of the
total inflow to the Lake.
LAKE WINNIPEG receives most of its waters from
the Winnipeg and Saskatchewan Rivers. The Souris, Assini—
boine and Red Rivers contribute only 6 percent of the total
inflow to Lake Winnipeg.
Present Water Quality
 
A number of parameters are used to assess the
present state of water quality in the Canadian portion of
the study area. The importance of these parameters as they
affect water use, and the proposed objectives for water
quality of the Souris and Red Rivers in Manitoba, are set
out in Chapter V.
SOURIS RIVER flow fluctuations are accompanied by
a wide variation in water quality. Concentrations of total
dissolved solids (TDS) are high in winter when the ground-
water contribution to flows is high compared to surface
contributions, and are at their lowest in the spring as a
result of dilution by runoff from snowmelt. For example,
TDS values ranged from a winter median of 1126 grams per
cubic metre (g/m3) or milligrams per litre (mg/X) to a
spring median of 395 g/m3 in the period 1960 to 1974.
Nitrate and phosphorous concentrations did not
show any consistent seasonal variations over the period
1969—74 for which records were available. Median values
for nitrates as nitrogen ranged from 0.11 to 0.48 g/m3.
Median values for total phosphorus ranged from 0.23 to
0.39 g/m3.
  


















































































































































































































































































































































































































































































































































































































































































































































between Emerson and Selkirk, probably due to the release
of effluent from the City of Winnipeg. There is a reduc—
tion of nitrate concentrations between Emerson and Selkirk
in the spring. Phosphorous concentrations increase from
Emerson to Selkirk due largely to effluent releases from
Winnipeg, although other urban centres and drainage from
agricultural lands do contribute to nutrient loadings.
Median dissolved oxygen values range from 7 to 11 g/m3.
Coliform values are generally low. Trace elements occur
at concentrations near the detection limit. Some pesticides,
herbicides, and industrial chemicals have been detected.
The historic monthly medians for selected parameters for
the Red River at the International Boundary are set out in
Table 2 in Chapter VI.
LAKE MANITOBA water quality is difficult to describe
using available data because of the inconsistencies as to
location and timing of water samples. Therefore, it was
necessary to estimate average annual concentrations by
computing water budgets and calculating loading rates. Sus-
pended solids, total nitrogen, and total phosphorus are
common parameters which indicate the water quality of lakes.
In the south basin, estimated average annual suspended
solids concentrations in the period 1969—74 varied from
6 to 114 g/m3; total nitrogen varied from 0.9 to 1.6 g/m3;





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Therefore, it is necessary to consider waterfowl populations
in North Dakota as well as in Manitoba because they are
interdependent breeding areas.
Habitat is the key to waterfowl production. In
the areas in North Dakota which wouldbe affected by the
Garrison Diversion Unit, marshes, potholes and waterways
are extensively used by waterfowl. Approximately 115,000
ducks are produced annually in these areas. In North Dakota,
approximately 28,000 ducks are produced annually in three
wildlife refuges on the Souris River and its tributaries.
In addition, the Souris River shoreline in North Dakota
produces 1700 ducks annually. The Red, Sheyenne, and Wild
Rice Rivers in North Dakota produce about 12,700 ducks
annually.
The Manitoba portion of the Souris River annually
produces about 2600 ducks in marshes formed by oxbows in
the River valley. The section of the Assiniboine River
downstream of the confluence with the Souris annually
produces about 3800 ducks. On the Red River, the annual




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































could successfully compete for food and space required by
existing species, could reduce and replace indigenous
forage fish such as lake herring, could alter the balance
between existing predators and their prey, could carry
parasites, could destroy some of the present species such
as lake sturgeon, could be a nuisance to anglers and foul
the nets of commercial fishermen, and could consequently
destroy the fishing industry in Manitoba.
One of these species, the rainbow smelt, has been
in the headwaters of the Rainy River system in Ontario and

























































































































































































































































































































































































































































































































sion Unit. That number is expected to increase to about
36,000 by the year 2000.
Almost 3.5 million gallons daily (mgd) or
16,000 cubic metres daily (m3/d) were withdrawn in 1975



















the Assiniboine and 14,000 gallons per day (65 m3/d) from the
Souris. These withdrawals are expected to increase by the
year 2000 to 2.0 mgd (9100 m3/d) from the Red, 2.5 mgd
(11,400 m3/d) from the Assiniboine and 130,000 gallons per
day (600 m3/d) from the Souris.
Rural domestic water requirements in Manitoba
include household uses on farms, Indian reservations, and
rural settlements that are supplied from surface waters
that could be affected by return flows from GDU. Though
small, these withdrawals are vital to the individual users
because groundwater supplies are often brackish. In l975,~
about 650 gallons per day (3 m3/d) were withdrawn from the
Red, 36,000 gallons per day (165 m3/d) from the Assiniboine,
7700 gallons per day (35 m3/d) from Lake Winnipeg, and
34,000 gallons per day (155 m3/d) from Lake Manitoba for
a total of 78,350 gallons per day (355 m3/d). This is
expected to increase to about 238,850 gallons per day
(1100 m3/d) by the year 2000. Although water quantity is
not normally a limiting factor for rural domestic use along
the Red and Assiniboine Rivers, periods of zero flow in
the Souris River limit its use for rural domestic purposes.
In many instances some form of treatment is necessary.
Most of the Manitoba industries in the study
area rely on municipal watersupplies. The major excep-
tions are two thermal generating plants and sugar beet
 
 29
processors. They presently withdraw 66.6 mgd (300,000 m3/d)
from the Red River. Some treatment is usually provided for
these withdrawals, to control scaling and corrosion for
boiler water used by the generating plants, and to reduce
hardness, total solids, colour, and chlorine for food pro—
cessing. By the year 2000, industrial water use in the
study area in Manitoba is expected to increase to about
158 mgd (720,000 m3/d) because of new vegetable and potato
processing plants, a nuclear generating station, a glass
plant, a winery, a distillery, a sugar beet processor, and
a fertilizer plant.
Agricultural uses of water consist of irrigation
and livestock watering. Withdrawals in the study area in
Manitoba for irrigation totalled 1800 acre-feet or 2200 cubic
decametres (dam3) in 1975. In the Portage la Prairie area,
the centre of vegetable production in Manitoba, vegetables,
sunflowers and rapeseed were grown on 1000 acres of irrigated
land. About 400 acres are irrigated by water withdrawn from
the Red River and 100 acres from the Souris. By the year
2000, it is expected that 30,000 acres will be irrigated by
waters from the Assiniboine, 25,000 acres from the Red, and



































































































































































































































The strip of land within a half—mile (0.8 km) on
either side of the Red, Assiniboine and Souris Rivers,
and within a half—mile (0.8 km) of Lakes Winnipeg and
Manitoba encompasses most of the region's water—based
recreational opportunities. These opportunities, although
limited in number, are experiencing intensive use.
CHAPTER IV
THE BOARD'S INVESTIGATION
The International Joint Commission established
the International Garrison Diversion Study Board on
October 23, 1975. A week later, at the first meeting of
the Board, the Commission issued its Directive which is in
Appendix B.
The Board consisted of six Canadian and six
United States members drawn from ten federal, provincial
and state agencies. They were appointed by the Commission
in their personal and professional capacities, as is usual
in the Commission's Boards, and not as representatives of
their particular jurisdictions and agencies. Their indi—
vidual backgrounds included engineering, agriculture,
biological sciences, economics, and public administration.
A list of the Board members is included in Appendix C.
The size, complexity, and time constraints of the








































































































































































































































































































































   
 Committee to ensure constant liaison, coordination meetings,
and individual contact between study participants. In
addition, a Synthesis and Reports Committee, consisting
of the two Board chairmen and the co—chairmen of each of
the five technical committees reviewed the committee reports
and assisted in the preparation of the Board's report to
the Commission.
On January 16, 1976 the Board submitted its
detailed Plan of Study to the Commission and suggested
composition of the Technical Committees. After a thorough
discussion, the Commission approved both the Plan of Study
and the membership of the Committees.
The Board chairmen made monthly reports on the
progress of the study and there was also constant liaison
between Commission staff and the Board.
During the course of the intensive year—long
investigation, the Board members met for 98 days. This
included 28 full Board meetings, 8 Board—Committee coordi-
nation meetings, inspection of the study area, briefing
the Commission on two occasions, attending public hearings,‘
and 8 meetings of the Board chairmen. Several of the Board
members were absent from their offices on Board business
for about 170 days each. Board members devoted between
70 and 85 percent of their time to the study during the
year. Exclusive of travel time, the five Technical Com—
mittees met for a total of 200 days. Only the intensive
hard work of the members of the Board and its Committees
made it possible for the extensive investigation to be
completed in such a short time. The cost of the investi-
gation including salaries, overhead, travel and support
of the Board and Committee members was more than $1,500,000,
shared by both countries.
33
As directed by the Commission, the Board, during
the course of its investigation, held meetings open to the
public, approximately every two months. Prior notice of
these meetings was given to the news media. At the meetings
the Board answered pertinent questions on the progress of
the study and adequacy of available data.
The Commission in its Directive requested the
Board to have its report completed by August 15, 1976 so
that the Commission's report could be completed by October 31,
1976. The acquisition, evaluation and interpretation of
existing data precluded meeting that time constraint. The
Board's report was delivered to the printer on December 14,
1976 and was ready for distribution to the public in less
than four weeks.
The results of the Board's study are given in

































































































































































































































































































































































































































   
  
Method of Determining Existing Conditions
































































































































































































NAQUADAT to show water quality variability on a monthly
basis. It should be noted that the available water quality
data did not include a period of drought. Since the water
quality of the study area is strongly influenced by the rate
of flow, streamflow records were correlated with water
quality data.
Water quality for Lakes Manitoba and Winnipeg %
was difficult to describe due to a scarcity of data and
the variation in location and timing of water samples.
Water budgets and calculated loadings to both Lakes Winnipeg
and Manitoba were used to estimate their water quality.
Data available from both countries for the
period 1936 to 1974 were used to prepare surface water
summaries for the Souris, Assiniboine, and Red Rivers.
Missing flow data for locations on the Souris and Assini—
boine Rivers were generated. Modifications to flow records
were made to reflect the effects of changes such as the
Portage Diversion. Flood frequency and flow duration
characteristics were developed for the Souris, Assiniboine
and Red Rivers. The relationship between streamflow and
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flooded area was derived for the Souris River between the
International Boundary and the Town of Souris.
An inventory was made of the waterfowl, wildlife,
fish, aquatic invertebrates, and plants in the Canadian
portion of the study area. Diseases of wildlife, domestic
animals, fish, plants, and humans were also considered.
Species lists from pertinent watersheds were prepared for
indigenous biota and detailed life histories were then
developed for those species which might be affected by GDU.
An inventory was made of existing municipal,
industrial, agricultural, rural domestic, recreational,
and fish and wildlife water uses. The short time period
available for the study precluded detailed field investi-
gations, and therefore it was necessary to rely on infor—
mation obtained from federal and provincial departments,
academic institutions, and private studies. The Board
predicted water use in the Canadian portion of the study
area for the years 1985 and 2000. The effects that present
water quantity and quality have on existing uses were
also identified. The suspended solids concentrations,
which include sediment, in the watercourses of the study
area were determined. The archaeological sites were
inventoried.
Method of Determining the Possible Impacts of the Project











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































adjustments were made to the results of the 1975 model run
by the United States Bureau of Reclamation to derive an
estimate of the most probable concentrations of total dis—
solved solids (TDS) during the peak impact and equilibrium
periods. This is called the'”best estimate". Further
adjustments were applied to the best estimate to derive
the high and low concentrations of TDS that would be asso-
ciated with minimum and maximum return flows developed during
the peak impact and equilibrium periods. Based on the
adjusted TDS concentrations, the concentrations of calcium,
magnesium, sodium, sulphates, bicarbonates and chlorides
were adjusted in proportion to values predicted by the 1976
model run.
With regard to nitrate concentrations, fertilizer
management schedules and crop distributions were developed
and used in simulation runs of the model. Based on these
simulation runs and on information from similar projects,
adjustments were made to the concentration of nitrogen in
the return flows from the irrigated areas which were derived
in the 1976 model run by the United States Bureau of Recla-
mation. All nitrogen accruing to the Project drains has
been predicted to be in the nitrate form.
It was recognized that there was a lack of basic
information on the complex nitrogen cycle in the receiving
streams. After closely examining the original procedures
for predicting nitrogen concentrations in the receiving
streams, a thorough review of literature on the subject,
and consultations with experts, the Board was convinced that
 
  
the original assumptions were not valid and accordingly
revised their predictions. Even then, the Board was not
satisfied and subsequently recommended further research
in this field so that more reliable predictions could be
made on nitrate concentrations in receiving waters.
Phosphorous concentrations were not derived
using the model. They were estimated based on an extensive
literature review.
The mathematical model provided the basis for
predicting the volume of return flows resulting from
irrigation in GDU. After detailed review, the results
obtained by the United States Bureau of Reclamation from
the model in 1976 were acceptedas a base value for use in
estimating irrigation return flows. Adjustments were made
to these results to compensate for variations in climate
and crop pattern during the life of the Project and to
improve estimates of evapotranspiration, deep percolation
due to irrigation, and snowmelt infiltration.
Using this information the combinations which
would result in extreme values were used to determine the m
highest and the lowest return flows that could be expected
to oecur. The Board also estimated the return flows which
could most reasonably be expected to occur. These are
also called "best estimates".
The quality and quantity of return flows from
canal seepage, operational wastes, municipal and indus-
trial effluents, and drainage from fish and wildlife deve—
lopments were not derived using the model. Values esta-
blished for the quality and quantity of these return flows
by the United States Bureau of Reclamation were evaluated
and modified by the Board.
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The best estimates of the impact of GDU return
flows on receiving streams, such as the Souris River, were
calculated by mixing the best estimate return flows and their
constituent concentrations with the historic median consti-
tuent concentrations and flows for the receiving stream.
The low estimates of the impact of GDU return flows were
calculated by mixing the low return flows and the associated
constituent concentrations with the high historic monthly
flows and the low historic constituent concentrations for the
streams. Similarly, high estimate values were calculated by





















and high historic constituent concentrations.

































































































































































































































































































































































































































































































































































































































































































































































































































































IMPACTS ON CANADA OF THE
GARRISON DIVERSION UNIT AS ENVISAGED
The Commission was requested to examine into and
report upon the impacts of the completion and operation of
the Garrison Diversion Unit as envisaged on the quality and
quantity of the Canadian portions of the Souris and Red
Rivers, their tributaries and downstream waters; the impact
on the present and anticipated uses of these waters; and
the impact on commercial and recreational fisheries in
Manitoba through the introduction of foreign species of fish,
fish eggs, fish diseases, and fish parasites. The impacts
due to the Garrison Diversion Unit (GDU) as envisaged are
described in this Chapter.
The quantity of return flows would vary with time
due to the progressive developmentof the irrigable areas.
The quantity of salts leached from the soil profile would
rapidly increase during the initial stages of development
and then gradually decrease to a lower but relatively
constant amount. It is expected that the concentrations
of salts in the return flows will reach their peak 25 to 30
years after development of irrigable lands is initiated.
This is called the peak impact period. The concentrations
of salts in the return flows will slowly decline until
equilibrium is reached 30 to 35 years later. This is

















































































































































































































































































































































































A high concentration of almost any chemical




















concentrations are excessive, they could cause health
problems. Municipal and industrial uses can usually be


















TOTAL DISSOLVED SOLIDS (TDS) in this report
refers to the sum of the concentrations of sodium, calcium,
magnesium, potassium, sulphates and chlorides and half the
concentration of bicarbonates. These constituents occur
in natural waters. TDS concentrations in excess of
500 grams per cubic metre (g/m3) cause taste problems in
drinking water; concentrations between 500 and 1000 g/m3
can cause foaming in boilers and interference with clear-
ness, colour or taste of finished industrial products.
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Excessive TDS concentrations can accelerate corrosion.
The yields and quality of crops that have a moderate salt
tolerance are reduced if irrigated with watershaving high
TDS concentrations. They include vegetables, grains and
alfalfa. Additional water, if applied on soils that can be
readily drained, will leach the salts through the soil
profile. Water with a TDS concentration of 1000 g/m3
contains approximately one and a half tons of salts per
acre—foot or 1100 kilograms per cubic decametre (kg/dam3).
The proposed TDS objective for the Souris and Red Rivers
in Manitoba is a desirable concentration of 500 g/m3 and
an acceptable concentration of 1000 g/m3 for flows less
than 140 cubic feet per second (cfs) or 4 cubic metres per
second (m3/s). At higher flows the desirable and acceptable
concentrations are lower.













































































































































































































































































































































































































































































of these laxative effects rather than on any taste or
other physiological effects. Sulphates in irrigation
waters may be harmful to both crops and soils. Sulphate
concentrations in excess of 500 g/m3 appear to be gene—
rally hazardous for irrigation purposes. The proposed
objective for sulphates in the Souris in Manitoba is a
desirable concentration of between 110 and 230 g/m3
depending on the flow rate, and an acceptable concentration
of 140 to 500 g/m3. The higher concentrations for each
range relate to low flows. The corresponding concentrau
tions for the Red River are 100 to 130 g/m3 and 110 to
150 g/m3. The higher concentrations for the Red River
relate to high flows.
SODIUM in drinking water may be harmful to
persons suffering from cardiac, renal, and circulatory
diseases, or other persons on salt—restricted diets.
Concentrations of 200 g/m3 in drinking waters may be
injurious. High concentrations of sodium in irrigation
water are not only toxic to plants but deleterious to
soil conditions. Sodium soil colloids swell, closing
the pores of the soil which reduces soil permeability to
water and air and increases the alkalinity of the soil
to dangerous
levels.





for sodium in the Souris River in Manitoba is a desirable
concentration of 50 to 150 g/m3 depending on flow and an
acceptable concentration of 50 to 300 g/m3.
The corres-
ponding concentrations for the Red River in Manitoba are
15 to 60 g/m3 and 30 to 125 g/m3.
The high concentrations
for both rivers relate to low flows.
HARDNESS is a term generally applied to des-
cribe the soap neutralizing power of water.
It is attri-







































is undesirable for use in food processing
and other industries.
A common method of removing hardness
is the ion exchange process which increases the sodium
concentration in the treated water.
The proposed objective
for hardness for the Souris River in Manitoba is a desirable
concentration of 180 to 400 g/m3 and an acceptable concen—
tration of 200 to 500 g/m3. The corresponding concentrations
for the Red River are 200 to 325 g/m3 and 225 to 350 g/m3.
The high concentrations in these ranges relate to low flows.
PHOSPHORUS in the form of phosphates, is of concern
primarily as it relates to the stimulation of algal growth
and the acceleration of the eutrophication of receiving
waters. The proposed objective for phosphorus, expressed
as total phosphate, for the Souris River in Manitoba is a
desirable concentration of 0.3 g/m3 and an acceptable con-
centration of 0.5 g/m3. The corresponding concentrations
for the Red River are 0.2 g/m3 and 0.5 g/m3.
Impact on Water Quantity
SOURIS RIVER flows would be increased by the
 
addition of return flows from the Garrison Diversion Unit.
The best estimate of total annual returnflow to the Souris








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NOTE: All numbers are estimated average quantities in acre-feet









































63,900 acre-feet (14,400 to 78,800 dam3). Even when
monthly variations in the GDU return flows are taken
into account with the extreme variations in present
River flows, it becomes apparent that the GDU return
flows will have little effect on the flow in the Red
River in Canada. With respect to flooding, the addition
of GDU return flows will have no measurable effect on
the Red River.
LAKE MANITOBA and LAKE WINNIPEG water levels
would not be measurably affected by the relatively
small additions of return flows from the Garrison Diver—
sion Unit.
Impact on Water Quality
SOURIS RIVER water quality in Manitoba would
 
undergo a marked change as a result of GDU return flows.
Concentrations of total dissolved solids (TDS), hardness,
sulphates and sodium are of significance to water users
in Canada and in some cases substantial increases above
present levels in the Souris River can be expected.
The best estimate TDS concentration for the
Souris River at Westhope during the peak impact period
ranges from 533 g/m3 in April to 1450 g/m3 in December.
Changes from historic median concentrations would vary
from a 10 percent decrease in February to a 170 percent
increase in March. This is illustrated on Figure 3.
The variations in the concentrations of the
constituents of TDS show a similar seasonal trend. After
equilibrium is reached, the best estimate TDS concentra-
tions would range from 517 to 1212 g/m3 during the year.
The best estimate hardness has monthly values
ranging from 277 to 767 g/m3 during the peak impact period.
Changes from historic median concentrations would vary































     
   
  
  
     
           
   






















































































































































































 from a 1 percent decrease to a 160 percent increase.
After equilibrium is reached, the best estimate hardness
values would range from 263 to 610 g/m3.
During the peak impact period the best esti—
mate of sulphates (804) would range from 224 to 764 g/m3
during the year. Changes from historic median concentra—
tions would vary from a 60 percent to a 300 percent
increase. After equilibrium is reached, the best estimate
of 804 would range from 207 to 582 g/m3.
The best estimate of sodium (Na) has monthly
values ranging from 77 to 159 g/m3 during the peak impact
period. Changes from historic median concentrations would
vary from a decrease of 40 percent to an increase of
15 percent. After equilibrium is reached, the best esti-
mate Na values would range from 83 to 180 g/m3.
The effect of GDU on the concentration of
nitrogen (N) in the receiving waters is difficult to
predict because of the complex biological and chemical
reactions and interactions of nitrogen. In addition,
the period of record is limited to only 1969—74 for f
nitrate (N03) and 1974—76 for organic nitrogen. Thus,
the estimates of future nitrogen concentrations and
nitrogen forms in receiving waters as developed by the
Board are speculative.
During the peak impact and equilibrium periods
the best estimate nitrate levels would be about the same.
The nitrate concentrations during the fall and winter
would increase from historic levels of less than 0.6 g/m3
to levels of 6 to 9 g/m3. Summer concentrations are now
0.2 to 0.3 g/m3 and the introduction of GDU return flows
would increase them to l to 3 g/m3. The Board's high
estimates, which were based on extreme conditions, were
as high as 20 g/m3.
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As with nitrogen, it is difficult to make accurate
predictions of phosphorous (P) concentrations in receiving
waters. The best estimate P concentrations for both the
peak impact and equilibrium periods are higher than historic
summer and fall median concentrations. The greatest change
is expected to be in November when concentrations are pre-
dicted to increase from 0.36 to 1.29 g/m3. During winter
months, P concentrations will likely be reduced as a result
of the dilution effects of GDU.
Best estimate bicarbonate (HCO3) values indicate
ranges from 269 to 580 g/m3 during the year. Chloride (Cl)
values are reduced during winter months by from 35 to 60 g/m3
and are essentially unchanged for the remainder of the year.
Potassium concentrations are decreased during the winter
months by from 10 to 20 g/m3, and are unchanged during the
remainder of the year.
It is expected that the dissolved oxygen (DO) con-
centrations will not drop below 3.0 g/m3. This is an impro—
vement over historic concentrations. It is predicted that
GDU return flows will not cause significant changes in the
historic levels of temperature, coliform bacteria, trace































































































































































































































































































































































































































































































































































































tions range up to 0.35 g/m3.
It is expected that historic concentrations
of bicarbonates, chlorides, potassium, suspended solids,
trace elements, insecticides, herbicides, coliform bacteria
and dissolved oxygen as well as temperature would not
change significantly as a result of the addition of GDU
return flows.
RED RIVER water quality changes will be similar
to those for the Assiniboine River. At Emerson best esti—
mate TDS values range from 312 to 437 g/m3 during the year.
This represents an increase of l to 15 percent over the
historic median monthly concentrations. This is illustrated
in Figure 3.
The best estimate for hardness has monthly
values ranging from 208 to 324 g/m3, a change from historic
median concentrations ranging from a decrease of 5 percent


























































0.5 g/m3. During Spring and summer, nitrate values are
expected to remain unchanged at levels of 0.3 g/m3.
A
small increment of nitrate from return flows is expected
to be incorporated into algae which will result in a small
increase in organic nitrogen in summer. Little change in
phosphorous concentrations at Emerson is expected.
Concentrations of bicarbonates, chlorides, potas—
sium, suspended solids, trace elements, insecticides,
herbicides, coliform bacteria, and dissolved oxygen as well
as temperature are not expected to change significantly at
Emerson as a result of the addition of the GDU return flows.
The impact of the Garrison Diversion Unit as
envisaged on the water quality of the Red River is summa—
rized in Table 2 in Chapter VI.
LAKE MANITOBA water will undergo a small change
in quality as a result of return flows from the Garrison
Diversion Unit. In the south basin the predicted maximum
increases above historic average annual concentrations would

















































































































































































 magnesium , 19 percent for sodium, 8 percent for potassium,
4 percent for chlorides, 40 percent for sulphates, 6 per—




















flows and without improved treatment of municipal wastes by
Winnipeg, the concentration of calcium would be 19 g/m3,
magnesium 6 g/m3, sodium 7 g/m3, potassium 1.5 g/m3,
chlorides 5 g/m3, sulphates 21 g/m3, bicarbonates 67 g/m3,
total nitrogen 0.8 g/m3, and phosphorus would be 0.09 g/m3.
These additions are not considered significant at this time.
Impact on BiolOgical Resources
Concern that GDU would allow the inter-basin
transfer of undesirable fish species, fish diseases and
parasites from the Missouri River to the Hudson Bay Drainage
Basin were expressed by individual environmental organizations
and agencies on both sides of the Boundary before the Commis-
sion's study began. The Board's report has given strength
to that concern. The Board's report also identified reduced
duck populations in North Dakota resulting from the Garrison
Diversion Project as envisaged, and the attendant adverse
effect on Manitoba duck populations.
There is a pOSSibility of a natural or accidental
introduction of foreign biota into Canadian waters. So far
as is known, only one foreign fish species, rainbow smelt,
has been introduced into the Hudson Bay watershed by acci—
dental means. Although other foreign species are known to
exist in Lake Sakakawea and in the James and Minnesota Rivers,
accidental introduction to the Hudson Bay watershed is not
yet known to have occurred. However, GDU would provide a
direct connection between the Missouri River and the Hudson















































fish, alter the balance between existing predators and
their prey,
carry parasites,
destroy some of the valuable
present species and interfere with
fishing.
Eight of the
undesirable species occur in the Missouri River system in
or above Lake Sakakawea and could be transferred by the
McClusky Canal. Six of the nine species occur in the lower
James River and increased flows and oxygen levels resulting
from GDU would enable them to move upstream, be transferred
to the Wild Rice River, and thence to the Red River into
Canada.
Rainbow smelt have been identified as one of the
more serious problem species. They have been in the head—
waters of the Rainy River system, part of the Hudson Bay
Drainage Basin, for at least seven years but, for some
unknown reason, apparently have not moved downstream. In
other areas where they havebeen introduced they have
dispersed rapidly. The Board reported that smelt may or
may not reach Lake Winnipeg via the Rainy River. It may
















































































































































































































the Project are expected to have a beneficial impact on
commercial species of fish and commercial fisheries in
Manitoba.
The Board reported that the introduction of
foreign species of fish into Lake Winnipeg would result
in major reductiOns of the more highly—valued species.
Whitefish, walleye and sauger populations could decrease
50 percent to 75 percent with the potential for propor—
tionate reductions in annual harvests. It is also expected
that lake herring, an important forage fish, could be
reduced after equilibrium by 50 percent or ultimately
eliminated. In Lake Manitoba the Board estimated that
the introduction of foreign fish species would eventually
result in a 30 percent reduction in Whitefish populations
 
and a 75 percent reduction in walleye, sauger, and lake
herring populations. Reductions of this magnitude would
threaten the existence of the commercial fishery of
Lakes Manitoba and Winnipeg.
To reduce this potential for the inter—basin
transfer of undesirable fish species, fish larvae, fish 8
eggs, fish diseases and other biota, the United States
Bureau of Reclamation has under construction in the
McClusky Canal a large, but as yet unproven, fish screen.
The Board has reported that the structure as presently
designed would not prevent the inter-basin transfer of all
fish, fish diseases, fish fry or fish eggs. The larvae
of rainbow smelt and Utah chub can pass through the
screens and, because of spaces between screen panels,
fish eggs, fish larvae and perhaps even small adults
could pass around them.
Two fish diseases are likely to be introduced
into Canada as a result of the inter—basin transferof
Missouri River waters to the Red and Souris Rivers;
57
infectious hemopoietic viral necrosis (IHVN), and enteric
redmouth (ERM), a bacterial disease. These pathogens can
be carried directly by a water medium, although the usual
mode of transfer is through the transfer of diseased fishes.
A paddlefish parasite, Polypodium sp. may be introduced
and infect lake sturgeon of the Hudson Bay Drainage Basin.









































































































































































































































































































































































































































































































































































































































































































































































































































































It is expected that GDU would have no impact
on upland game and bird hunting, furbearer harvest,
amphibians, reptiles or rare and endangered species.
Impacts on Uses
The Board predicted that the return flows
from GDU would degrade the water quality of the Souris,
Assiniboine and Red Rivers. The Souris River would
suffer the greatest impact. The best estimate of the
changes in water quality has been used throughout this
report to indicate their order of magnitude. At the
present state of the art, it is unlikely that further
refinement of the estimates can be achieved without
field verification. Verification may show the chemical
constituents entering the receiving streams to be
significantly different from those predicted. w
Municipal treatment costs would be increased
as a result of degraded water quality caused by GDU. As
a minimum measure, the six Manitoba water treatment
plants currently installed or planned on the Souris,
Assiniboine and Red Rivers will have to be operated at
peak treatment capacity to produce the best quality water
of which they are capable. This would increase total
chemical costs by $59,000 (Can.) annually. Operated in
this manner the plants would reduce hardness and produce
a water that is microbiologically safe and free of colour,
59
turbidity, taste and odour. However, should the concen—
trations of nitrates, sulphates and sodium in the receiving
waters be unacceptably high, then the addition of chemicals
in the existing treatment process would not produce finished
water that is suitable for domestic and industrial use.
Sodium concentrations would be increased if the ion exchange
process is used to reduce hardness which would be increased
by GDU return flows.
The best estimate of nitrogen concentrations is
only slightly below 10 g/m3 which is the critical level for
the health of infants. The Board predicted that nitrate
concentrations under extreme conditions could possibly reach
20 g/m3 in the Souris River. Verification and research is
essential to provide greater confidence in these estimates.
Should these high estimates be confirmed, then a more
elaborate water treatment method such as reverse osmosis
would be necessary. Such treatment would not only mitigate
the high nitrate concentrations, but also sulphates, sodium,
and other constituents. The annual additional cost would
be approximately $2 million (Can.). However, the Commission
points out that, although the best estimate is below the




















point of use may be either higher or lower.
























































































































































































































































































































































































































































drought of the 1930's, prolonged periods of low flow




































result, there would be an improvement in water quality
during these critical periods. Specifically, concentra—
tions of TDS and its constituents would be reduced and
dissolved oxygen concentrations would be increased.
Approximately 5200 additional acres in the
Souris River Valley and 1900 acres in the Red River Valley
might be irrigated using GDU return flows. This poten—
tial could be realized only if the increased flow is
6l
assured, if an irrigation demand actually exists for that
water, andif the water quality of the irrigation waters
is suitable for the soils and crops to be irrigated.
The return flows from the Garrison Diversion
Unit which are not used for irrigation would eventually
enter Lake Winnipeg. They could theoretically be used for
hydro—electric generation on the Nelson River during those































































The Board developed a number of modifications on
the basis of their effect on Canadian uses, their engineering
feasibility, their impact on GDU as envisaged, their effect
on the environment, and their capital, operation and main—
tenance costs. These do not represent all of the alternatives
which might have been studied, but only those which appeared
to be the most effective and practical. Time and funding
constraints precluded an intensive and extensive investigation.
Some were rejected because they would not achieve
the desired results or were technically or economically
questionable. For example, dilution of the Souris River
with water from the Velva Canal would not reduce concentra—
tions of total dissolved solids (TDS) to historic levels.
Furthermore, unless passed through a sand filter of prohi—
bitive cost, it would provide a direct connection between



















































































































































Reduction of Highly—Saline Soils
 











































































































































































































































































the United States Bureau of Reclamation. It provides
that the areas lost to drainage and construction would be
replaced by many small wetland complexes which would use
natural inflows rather than water supplied by GDU. The
Board proposed that the reclaimed wetlands should make up
the major portion of the lands acquired, and that such
lands should be capable of producing, on the average, 1.1
fledged ducks per acre. The wetland areas should be
selected in a manner which will have the least impact on
agricultural land use yet still provide the biological
capability to eliminate the duck loss to Manitoba.
Specific estimates of cost for this concept were
not made for the reason that the specific plan is yet to
be developed. The implementation of this wetland resto—
ration concept would eliminate the waterfowl loss. It
would reduce the return flows from GDU to the Souris River













































































































































Modifications to McClusky Canal Fish Screen
 
The fish screen, located on the lower end of
the McClusky Canal, is in an advanced stage of construction.
Its purpose is to act as a barrier to the migration of
fish, fish eggs, and fish larvae from the Missouri River
into the Lonetree Reservoir. It is not known that fish
screens of similar magnitude have been built and operated.
The McClusky Canal fish screen must be regarded as a large
prototype experiment.
The Board and two of its Committees undertook
a detailed review to assess its effectiveness. A number
of changes were recommended in the design and operation of
the fish screen to improve its effectiveness. These are
discussed in detail in the Board's report. The capital
cost of these modifications would be approximately
$2 million (US).
It is doubtful that the McClusky Canal fish
screen even with modifications would be a reliable and
effective barrier to the transfer of foreign biota from
the Missouri River to the Hudson Bay Drainage Basin. It
would have to be demonstrated through testingthat the
fish screen is capable of preventing the passage of fish,
fish eggs, fish larvae and fish parasites into Lonetree:
Reservoir before reliance could be placed upon it.
The Closed System
The spillway from Lonetree Reservoir into












































































































































































































































the outlet should be relocated
so as to discharge into the James River Basin and avoid a
direct connection with the Hudson Bay Drainage Basin. The
cost for full evacuation of the Reservoir to the James River,
including excavation to deepen and straighten the River,
would be $25.5 million (US). If partial evacuation were
required then it may be possible to install pumps to reduce
the amount of excavation required in the James River.
Wasteways generally are required on irrigation
canals and distribution systems to dispose of surplus water
resulting from the operation of water control structures.
They have a function similar to spillways on dams. The
surplus or excess water flows by gravity downstream into a
smaller canal or control works with a reduced capacity.













































































































































































































































































































































































































proposed by GDU as envisaged and that proposed by the
closed system.
Another important feature of GDU is that
water would be pumped by the farmer from the delivery
canal through buried pipelines to a centre-pivot sprinkler.
The sprinklers are located to minimize the possibility
of overland flow to the open drains and receiving streams.
The layout for each irrigated farm would be designed to
prevent overland flow into open drains and receiving
streams by including such features as the proper location
of sprinklers and border dykes. This replaces the tradi-
tional open farm ditches and water application by the
wild flooding or furrow systems. The proper use of
sprinkler irrigation combined with the storage and proper
re—use of wastewater wouldprovide that all return flows
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suggested that it be eliminated.
Lining of the Velva Canal
 




































 of mixed clay, sand, gravel and boulders. GDU as envisaged
provides for a clay lining on the section through the out—
wash, but the glacial till section would be unlined. Canal
seepage is estimated to be 17,400 acre-feet or 21,500 cubic
decametres (dam3) per year with a TDS concentration of
3600 grams per cubic metre (g/m3). About 37 percent of
the total canal seepage would be from the glacial till
sections.
To reduce the seepage from the Velva Canal the
Board examined two alternatives; lining the entire length
of the canal with membranes such as polyvinylchloride or
butyl rubber, or membrane lining of the glacial till sections
combined with clay lining of the sections through outwash
deposits. Either alternative would require an additional





































































































































































































































































































































































































































































































































































































































































































































































































































































to less canal seepage through glacial till as a result
of membrane lining of the total length of the Velva Canal
and replacement of highly—saline soils. On the other
hand, the concentrations of phosphorus and nitrogen would
tend to increase because the application of fertilizer
to the irrigated farms remains constant, and the volume
of return flows is less. There would in fact be little
or no difference in the water quality of the Red River
between GDU as envisaged and GDU as modified.
The mean monthly concentrations of selected
constituents for historic median, GDU as envisaged and
GDU as modified are compared for the Souris River near
Westhope in Table l. A similar comparison for the Red
River at Emerson is in Table 2. ‘
 It is difficult to predict nitrate concentrations
because of a lack of data and because the complex chemical
and biological reactions and interactions of nitrogen are
unknown. This is unfortunate because the form and concentra—
tion of nitrogen are important to users. Nevertheless, the
Board's best estimate was that nitrate concentrations in the
Souris River would increase from 9 g/m3 to about 12 g/m3 or
35 percent higher than those which could result from GDU as
envisaged. There would be an increase in the nitrate con—
centrations, as yet unquantified, in the Assiniboine River
and Lake Winnipeg. There would be little change in nitrate
concentrations in the Red River at Emerson in comparison
with GDU as envisaged.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































industrial and rural domestic uses.










































the added chemical costs
would be $59,000 (Can.) annually.
This is based on the
operation of existing treatment plants at peak capacity
to produce water of a tolerable hardness, and free of
colour, turbidity, tasteand odour. Should the concen-
tration of nitrates, sulphates and sodium be a threat to
health, then additional treatment such as reverse osmosis
would be mandatory. The added cost of this treatment is
estimated to be as high as $2 million (Can.) annually.
Water treatment for rural domestic use would be similarly
increased by about $30,000 (Can.) annually. Added treat—
ment costs for Manitoba Hydro's Selkirk Generating
Station would be in the range of $1600 to $93,500 (Can.)
annually.
Since these added costs are extremely high, the
Board examined the possibilities for alternative water
supplies. For example, water could be supplied to the
Town of Souris from an aquifer located about 8 miles
(13 km) northwest of the town. The capital cost would
be approximately $1.5 million (Can.) for the well, pipe-
line and ancillary works. The operation and maintenance
costs would likely be similar to those for the existing
water treatment plant. Three alternative sources were




each alternative would exceed $6 million (Can.). Operation
and maintenance costs would likely vary from $120,000 to
$1.4 million annually. Further study is required to deter—
mine the feasibility and suitability of these alternatives.
Detailed studies would be necessary to find alternative
sources for each rural domestic user.
With regard to mitigating measures to reduce
flooding, the Board examined the possibility of enlarging
the channel of the Souris River. The cost of channel
enlargement including the acquisition of 1800 acres of
pasture and 200 acres of cultivated land for channel exca—
vation and disposal areas would be $5.8 million (Can.).
The area required for these works would be considerably
more than the additional area that would be flooded.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Commission reviewed 2054 pages of testi-
mony taken at the eight public hearings and all corres—
pondence. As is inevitable in a series of hearings such
as this, much of the evidence was repetitious. Many
earnest but conflicting opinions were heard. The essence
and salient points of the testimony and letters are
summarized below.
Initial Hearings
Initial hearings on the inquiry were held in
Minot, North Dakota on November 18 and 19, in Grand Forks,
N.D. on November 19 and in Winnipeg, Manitoba on November 20,
1975. As a result of testimony received at the Winnipeg
hearings, the Commission requested a briefing by the
United States Bureau of Reclamation on the status of the
Garrison Diversion construction, and the Bureau's plans
for future construction. This briefing, which was held
at Grand Forks on January 12, 1976 was open to the public.
Much of the testimony received at the hearings
in Minot was in favour of the Project because of its many
benefits to North Dakota. The witnesses who testified
at Winnipeg were overwhelmingly opposedto the Project
because of its many potential adverse effects on Canada.
In Grand Forks the Commission received some testimony
supporting the Project and some opposing it.
The testimony presented to the Commission at
the initial hearings is summarized and paraphrased in
the following paragraphs:
In Winnipeg, the Commission was told of
the potential adverse effects that the Garrison
Diversion Unit (GDU) would have on water quality




























































































































































































































































































given in the Bureau studies
to
the Project's potential effects on the Red River
system and on Lake Winnipeg.
Several witnesses in Minot suggested that the
salinity levels predicted to occur by the Bureau as












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Most witnesses concurred with the Board's findings.
Many expressed concern about the effects of GDU on Manitoba
as predicted by the Board.
The majority were of the opinion
that GDU as envisaged could not proceed, but there were
varying views on the effectiveness of the proposed modifi-
cations to the Project. Some witnesses discussed the data
deficiencies and assumptions in the Board's report. Most
agreed that further testing was required.
The testimony presented to the Commission at the
1977 hearings is summarized and paraphrased in the following
paragraphs.
At Minot, the Province of Manitoba stated
that it generally concurredwith the findings of
the Board and that these findings confirmed the
Province's expectations of the adverse effects which
would occur in Manitoba if the Project were to
proceed as envisaged. These adverse effects would,
in the Province's opinion, violate the Boundary
Waters Treaty of 1909. The Province recognized
that the modifications to the Project, as recom—
mended by the Board, would ameliorate some of the
adverse effects. Uncertainties with respect to
the ultimate effectiveness of these modifications
do exist, and even with the modifications, serious
adverse impacts would still remain. The Province









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































as the provision of improved treatment facilities
in Canada be constructed prior to the occurrence
of actual injury in Canada. The State noted that
the Board's report did not thoroughly investigate
the potential benefits of the Project to Canada
which include increased hydro—generation, improve—
ment of water quality during low flows, and the
elimination of zero flows. It was stated that
these benefits should be handled, in the final
accounting, in the same manner as the adverse effects.
Many witnesses in Canada expressed concern
over the effects of GDU, as predicted by the Board,
on municipal, industrial and rural domestic water
users in Canada, both now and in the future. Treat—
ment costs would be greatly increased as a result of
water quality deterioration caused by GDU. Many
witnesses felt that residents of Manitoba must not
be required to pay for such additional treatment;
rather, the United States should be responsible in
perpetuity for the payment of all additional treatment
necessary to restore the quality of these water supplies


















from GDU could not be handled by conventional treat-






















































































































































































   
90
Many witnesses, particularly in Canada,
felt that the impact of the Project on water quality
would be greater than predicted by the Board because
"Best Management Practices" (BMP) would not be followed
as had been assumed by the Board. Failure to practice
BMP would increase the impacts of the Project on
water users in Canada through higher concentrations
of constituents such as total dissolved solids, ferti—
lizers and pesticides. On the other hand, much
testimony was received at Minot and Grand Forks suppor—
ting the opposite view. Both academics and farmers
testified that BMP are in fact presently being followed
by many irrigators in North Dakota. The need to ensure
that such practices are followed was recognized by the
majority of witnesses who testified on this topic.
Considerable testimony relating to the bio—
logical aspects of the Board study was received. With
respect to the inter—basin transfer of foreign biota
and the subsequent reduction in fish population in
Lakes Winnipeg and Manitoba, several witnesses said
such reductions would not result in a proportionate
decrease of fishing revenues, but rather would result
in total abandonment of the industry. Others thed
that the Board calculated lost commercial fishing
revenues on the basis of the historic value of catches,
thereby underestimating the potential value of the
commercial fishery.
Many witnesses testified that the closed
system concept developed by the Board, if properly
designed and implemented, would provide a reasonable
degree of protection against such transfers. However,
several witnesses stated that the need for the imple—
mentation of such an expensive concept could not be
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established on the basis of the inadequate data used
in the Board's investigations. Particular reference
was made to the presence of one of the potential
problem species, the rainbow smelt, in the Rainy
River, a tributary to Lake Winnipeg, a fact which
might render the closed system redundant. Several
witnesses noted that full protection against inter-
basin transfers does not exist naturally, and
questioned the need for GDU to provide full protection.
Among those witnesses who spoke about the
fish screen, there was almost total agreement that
it would not provide an adequate degree of protec—
tion against the transfer of foreign biota to the
Hudson Bay Drainage Basin. Many witnesses questioned
the need for a fish screen at all if the closed
system concept is implemented.
With respect to waterfowl, the Commission
heard that the Board's recommendations concerning
the implementation of a new wetland restoration
concept are inadequate, since they would not
compensate for losses from channelization, the
destruction of 50,000 acres of native prairies,
the creation of 57,000 acres of hazardous hayland


































waterfowl losses were too high due to double






























































































One witness noted that the Board's inves—
tigation of the potential impacts of the Project
on archaeological resources in Manitoba consisted
of a limited library research. He stated that such
resources must be preserved in place wherever possible
for the use of future generations.
The Commission was told that some of the
adverse effects not quantified in the Board's report
could be more severe than the quantified effects.
The long—term effects of projects are often not fully
realized or discovered for decades. The Commission
was told that compensation for these adverse impacts
is not acceptable because of the difficulty of fairly
evaluating the unquantified and long—term effects.
Many witnesses in both countries commented
on the lack of data which the Board encountered in
certain areas of their study. Most supported the
Board's recommendations for surveillance, monitoring,
and testing. Several witnesses, however, disagreed
specifically with the Board's recommendation that
a test be conducted on about 15,000 acres in the
Souris Loop. Some felt that this area was too small
because it must be sufficiently large as to encompass
all of the soil types, and cropping patterns, which
could influence the quality of the return flows. A
larger area, 50,000 acres, was suggested. On the
other hand, the Commission was told that the test
area in the Souris Loop area must be the minimum
size possible in order to protect Manitoba from un—
anticipated adverse effects. It was suggested that
5000 to 6000 acres would be adequate. The Commission
was told in Grand Forks that the necessary testing
might be done in the Oakes area and the results
 93
transferred to the Souris area to minimize the
risks of unexpected impacts on Canada arising
from the testing.
The Commission received testimony from
several witnesses concerning the Project effects
on native peoples in Canada. These witnesses
concurred with the Board's findings and pointed
out that the Project as envisaged would cause
serious injury to the health and property of
Indians. These witnesses also expressed concerns
relating to the adequacy of the proposed modifi—
cations. The Commission was also told that the
Project would Violate the Migratory Birds Conven—
tion as well as Indian rights in Manitoba. The
Commission was warned that it must consider these
violations during the course of its deliberations.
 
 












asked the International Joint Commission a number of








is based on its consideration of the International Garrison
Diversion Study Board's report,
the testimony given at the
eight public hearings and written submissions.
In the Commission's opinion, despite the severe
time constraint the Board's method of determining the exis—
ting conditions in the study area and the probable impacts
of the Garrison Diversion Unit as envisaged on Manitoba, as
well as of assessing measures to minimize adverse effects of
the Project, permitted a reasonable evaluation. The Comis-
sion generally concurs with the Board's findings.
However, there are several areas of concern that
remain. The suggested modifications and mitigation measures
may not fully protect the present and anticipated uses of
the water and related aquatic resources of the Souris,
Assiniboine and Red Rivers, and Lakes Manitoba and Winnipeg.
The Commission finds this Reference particularly
difficult. In an effort to provide increased food production
for a hungry world, the United States has sought to develop
a large irrigation project, not unlike those attempted by
progressive nations going back to the pre-biblical periods.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The quantities of water flowing in the Souris,
Assiniboine and Red Rivers, the water quality of these
streams and of Lakes Manitoba and Winnipeg, the biological
water resources and water uses, are all described in
Chapter III. The Commission has considered the present
state of water quality in those rivers, their present and
anticipated uses and the effects of present water quality
on their uses.
In general, the flows in the Souris, Assiniboine
and Red Rivers are high in the spring and low during the
summer. The area is subject to both drought and flooding.
In the Souris River, flooding occurs frequently between
the International Boundary and Souris, Manitoba.
A number of parameters were used to assess the
present state of water quality in the Canadian portion of
the study area and the effect of present water quality on
water uses. Flow fluctuations are accompanied by a wide
variation in water quality. For example, in the Souris
River, the concentration of total dissolved solids ranged
from a winter median of 1126 grams per cubic meter (g/m3)
to a spring median of 395 g/m3. However, nitrate and
phosphorous concentrations did not show seasonal variation.
Median values for nitrates as nitrogen ranged from 0.11 to
0.48 g/m3, while median values for total phosphorus ranged
from 0.23 to 0.39 g/m3.
In a similar manner the Commission considered
the biological resources of the study area, particularly
fish and waterfowl. It also considered the present and
anticipated municipal, industrial, agricultural and rural































The CommtAAtOh conetudeA that tn the atveaA 06
the Atudy ahea tn Mahttoba watea t4
oﬁteh tn Ahoat Auppty






but that wtth conventtonat theatmeht the wateAA
ate geneaatty Auttabte
ﬁat muntetpat and tndaAthtat AupptteA.
The Commtééton ﬁuathea conctadeb that Lahe Mahttoba and paatt-
eatatty Lahe Wthntpeg Auppott an tmpoataht eommeactat 6tAheay
06 htgh quattty, whtte Acme 06 the wateaaouaéeé tn Mahttoba
Auppoat a good épohtb ﬁtéhety.
IMPACT IN CANADA OF GDU AS ENVISAGED
The impacts in Manitoba that might occur as a result
of GDU as envisaged at the time of the Reference are discussed
in Chapter V. The expression "GDU as envisaged" meansthe
plan for the Project approved by the United States Government
at the time of the Reference, including the original McClusky
Canal fish screen, but not the wetlands habitat restoration
concept.
Flooding and Flows
Historically, spring floods occur in the study area.
The flooded area in the Souris Valley between the Boundary and
Souris, Manitoba, now averages 4400 acres, but in years of high
flow it exceeds 20,000 acres. The GDU return flows would, on
the average, flood some additional 200 acres of agricultural
land. That figure in some years may increase to 660 acres.
The additional flooding will be confined to the perimeter of the
area that would be otherwise inundated. There would be no discer—


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































could appreciably increase the duration and amount of over—
bank




flows in excess of 1000 cubic
feet per second
(cfs),
or 28 cubic metres per second










The public health aspects of nitrogen raise another
problem.
The Board's best estimate for nitrate concentrations
as nitrogen in the Souris River due to GDU is near 10 g/m3,
the level of concern for municipal use. This is a potential
threat which must be further studied before its actual dimen-
sions can be placed in proper perspective. Surely one country
should not want to proceed with huge expenditures for such a
large irrigation project unless it can reasonably predict
the consequences of its actions. The Commission understands
there are grounds to hope that further investigation will show
that the consequences likely to arise from nitrogen increases
may not be quite as severe as one might be led to believe
from the Board's report. Indeed the Commission is recommending
further research in this area.
Biota Transfer
The McClusky Canal fish screen was notincluded in
original designs for GDU, but was added prior to 1975 in
response to concerns over the possible transfer of foreign
biota to the Hudson Bay Drainage Basin. This possibility of
a transfer of exotics, that is, the transfer of fish species,
fish diseases and fish parasites indigenous to the Missouri
River Basin into the Hudson Bay Drainage Basin has been a























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































transfer would be irreversible and would become apparent
in about 10 years, with full impact in 25 to 50 years.
If it were to occur, the undesirable foreign species which
have a high reproductive potential could successfully
compete for food and space, could replace indigenous forage
fish, could alter the balance between existing predators
and their prey, could carry parasites and could destroy
some of the valuable present species. The inter—basin
transfer could also introduce fish diseases by a water medium.
In addition to the general ecosystem destabilization that
could occur, the population of Whitefish, walleye and sauger
could be reduced by 50 percent in Lakes Winnipeg and Manitoba.
This would, in turn, cause an annual loss of $6 million (Can.)
to the commercial fishing industry of Manitoba and could
possibly eliminate it. The Manitoba sports fishery could
experience an annual loss of 26,000 recreation days and
$130,000 in related revenue. Although some of these foreign
species may eventually have some value, the Commission cannot
assess their stability or their economic potential.
The Board emphasized, and the Commission agrees,
that with a development of the magnitude of GDU, it is
inevitable that some impacts will not have been identified.



























































































































































































































































































































































































































































control of fertilizer applications keeps to a minimum the
amount of chemicals on the fields that may pass as leachates
to the drainage ditches and ultimately to the receiving waters
of the Souris River.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nevertheless, overland flow from irrigated fields
and accidents present an unacceptable danger of biota transfer
that in the Commission's view must be eliminated or disposed
of in a way satisfactory to both countries before the Project
proceeds.
The estimated cost of works to remove wasteways is
$22 million (US). Sand filtration of municipal and indus—
trial withdrawals would cost $11 million (US). The emergency
outlet through the James River Dikes would cost up to $25
million (US), depending on the design capacity. The total cost
of the closed system could be as high as $58 million (US),
but in any event would be not less than $33 million (US).
The Commission believes that the McClusky Canal
fish screen as envisaged would not be an effective barrier
against the transfer of foreign biota to the Hudson Bay
Drainage Basin.
In a good faith effort to make the Project viable
by reducing the risk of such introduction of foreign biota
as much as possible, the Board recommended certain alterations
in the design and operation of the screens which would cost
some $2 million (US) and the construction of a closed system
as a first line of defence since, in their judgment, the fish
screen itself was not sufficient. The exact details as pro—
posed by the Board are set out in their report on pages 184—185.
The Commission was impressed not only by the innovative efforts
of the Board to prevent the possible introduction of foreign
biota, but also by the cost and the complexity of the closed
system concept. It appeared at first that this was really going
to great lengths to deal with what seemed then a manageable
problem. It eventually became clear, however, that the immen-
sity of the possible damage to the biological resources of
Manitoba indicated why such effort would be required.
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With respect to Lonetree Reservoir, located
in the Hudson Bay Drainage Basin, concern was expressed
at the hearings about the possibility that Missouri River
water would be transferred into the Sheyenne River and
tributaries of the Souris and Red Rivers, either intention-
ally or by failure of a dam. While the Commission recognizes
that there are always risks in the construction of any
reservoir, it believes that the possibility of failure of
the Lonetree and Wintering Dams is very remote.
The Commission further believes all the outlet
works from the Reservoir should be relocated so that they
discharge only into the Missouri River Basin. Moreover,
to prevent inadvertent transfers of biota, fishing in
Lonetree Reservoir should be forbidden. These actions
would reduce the likelihood of the introduction of foreign
biota into the waters of the Hudson Bay Drainage Basin.
The Commtnbton conetadeb that Lonetaee Rebeavota
and ttA damA eautd be eonAtaacted wtthout an unacceptable
hush to Canada, t5 att outtet wonhn Mom the ReAe/wotn aae
tocated 60 an to thehaage anty tnto the MtAAouat Rtuen
BaAtn and t6 ﬁtbhtng tn the Reéeavota t5 60abtdden.\
Saline Soils
The Commission reviewed the proposal to reduce
the acreage of highly—saline soils, referred to as Class A
soils, that could be irrigated and the replacement of these
irrigable areas with an equivalent acreage of soils that
are less saline. This would reduce the concentrations and
amounts of total dissolved solids in the return flows,
particularly to the Souris River, at minimal cost. It was
noted that the amount of nitrates in the return flows would
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not be reduced because they are a function of the amount
and composition of fertilizers applied to irrigated lands.
The CommtAAton eonctudeb that the concenthattoné
06 totat dtbbotved éoﬂtdé tn the hetunn 6t0w4 coutd be
deduced by hemovtng thhtgabte aheat wtth htghty-éattne
Aottt 610m the Ptojeet and aeptaetng them wtth a Atmttaa
aeheage 05 Aotté {ebb battne but thtA woutd not tmpaave
the bttuatton wtth neApect to nttnateb.
Velva Canal Lining
 
The primary purpose of the Velva Canal is to convey
water from Lonetree Reservoir to irrigate lands in the vici—
nity of the Souris River. It would pass through areas of
permeable sand and gravel outwash deposits where seepage
would be high and also through much less permeable glacial
till areas. The Commission notes that the seepage water
would acquire large amounts of total dissolved solids.
Lining the Canal with compacted earth or a membrane would
reduce the seepage and thus the amount and concentration
of dissolved solids entering return flows and ultimately
the Souris River. Since canal lining is expensive, detailed
field investigations should be undertaken to determine the




















cost $14 million (US).
The CommtAAton eonetudeb that Aeepage 6hom the



















amount and coneentaatton 05 total dtbéotued AottdA tn the
hetuhn 6£owA attatbutabte to the Vetva Canat.















































































































































































































































































































































































































































































































































































































































































































































































































































































































































noted that in July 1977 at the Commission's annual public
meeting dealing with the water quality of the Great Lakes,
the thought was advanced that the Great Lakes Water Quality
Agreement between Canada and the United States might be more
properly viewed as an environmental or ecological agreement
rather than strictly a water quality agreement.
In the case of GDU, it was fortuitous that the
Reference was so broadly phrased as to be able to include
a study of major transboundary impacts of the Project in
addition to the impacts arising from the traditional concepts
of water pollution. Hopefully, future references will
continue to seek advice as to the environmental and ecolo—
gical consequences that may result from activities in one
country to the detriment of the other. It would seem to be
a disservice to confine investigations of the transboundary




















of water pollution alone.

























































































































































































































the Board was successful and the Commission concurs, almost
without exception, in the Board's suggestions. As a result,
from a practical standpoint, the Commission believes that
the Project as modified, and operated as intended, would
then not significantly pollute the Canadian waters, with
a few exceptions such as the uncertain increase in nitrogen
in the Souris and the increase in total dissolved solids.
However, despite the expenditure of great sums of money and
the best intentions of all men, GDU even as modified
presents an unacceptable risk of the introduction of unwanted
foreign biota to the Hudson Bay Drainage Basin to the detri-
ment of the people of Canada and to the general ecology of
the region and beyond.
The Commtbbton theneﬁoae conctudeb that, even
t6 modtéted at debentbed heaetn, the Ganntton Dtvenbton
Untt wttt Atttt cauAe advenAe tmpactb tn Canada. Onty the
extent 06 the tmpaetb t6 tn queAtton. The Commtbéton
gunthen conctudeé that whtte mott 06 the tmpactA can be
mtttgated, those ﬁnom the potbtbte btota thantﬁenb aae AG
thaeatentng that the onty aeceptabte pottcy at paeAent t5
to detay conbtnuctton 06 thobe ﬂeataAet 06 the GanhtAon
DtueaAton Untt whtch mtght aebatt tn Auch tnantﬁené.
VERIFICATION AND RESEARCH
The Board concluded that the mathematical models
used by the United States Bureau of Reclamation to determine
the impact of GDU on water quality werethe most advanced
techniques available to accomplish this goal in the time
allotted. However, the models contain inherent assumptions
about the actual amount of chemicals that would be leached
out of the irrigated soils by the passage of the water through
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the soil column and which would appear in the return flows.
These assumptions have not been verified by field experi—
mentation under conditions resembling those in the study
area. Therefore, the results of the model cannot be viewed
with complete confidence and they must be regarded as
theoretical and to a large degree uncertain at this time.
The Commission has taken note of the Board's
frequent references to the uncertainties of its findings
and predictions, especially as to the expected concentration
of nitrogen, based on the use of mathematical models. The
actual water quality impacts of GDU may be higher or lower
than those predicted by the Board. These impacts can only
be determined with confidence after verification of the
model.
Furthermore, while the concentration of nitrogen
in the return flows is subject to the above uncertainty, it
is also subject to a great deal of further uncertainty as to
its fate as it passes through the drains, ditches and the
streams themselves on its way to the point of use of the
water. Once again no field studies under suitably similar
conditions are available and the estimates of nitrogen forms
and concentrations were difficult for the Board and the
Commission to accept with a high degree of confidence.
The Commission considers that extensive programs
of field measurements and tests should be undertaken to
provide reliable data to verify the performance of the
mathematical models with respect to the concentrations of
chemicals in return flows, and that there is an urgent need
for a research program in the Souris River to provide much
more knowledge of the fate of nitrogen before it gets to
the points of use of the water.
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The Commtééton conctudeé that tt tA mandatoag
to vehtﬁy both the quattty and quahttty 06 hetuhh ﬁtow¢
ﬁhom GDU, and to detehmtne by heéeahch the utttmate ﬁate
06 htthogeh th the Souhté Rtueh beﬁohe thehe t5 thhtgattan
devetopmeht tn the SouhtA Rtveh ahea.
WATER QUALITY AGREEMENT
The Commission believes that water quality
management of transboundary streams in both countries will
become increasingly important and that the needs of both
countries are such that a common general approach to water
quality would be beneficial. The virtues of pursuing a
water quality agreement have been demonstrated by the
Great Lakes Water Quality Agreement and similar recommen-
dations have recently beenmade by the Commission in the
case of the Saint John River where, as in the Souris, both
countries find themselves upstream and downstream on various
portions of the River. “
Some difficulty may be apprehended in deter-
mining the nature of a water quality agreement on a trans-
boundary stream. In a boundary water like the Great Lakes
the reciprocal effects of pollution by both co—riparians
can be seen without difficulty. This results in a reciprocal
interest in all aspects of a commonly-shared resource since
the political boundary does not impede the movement of
water running across this line.
But, in the case of a transboundary river or
lake, upstream in one country and downstream in the other,
the same general View of a mutuality of interest may not
be so readily evident. Here one party is sovereign on its
side of the territorial line and the other equally so























uses of their share of the river, whether upstream or
downstream?
The approach under Article IV of the Boundary
Waters Treaty is to simply forbid pollution to the injury
of health or property. This requires a frequent determi-
nation of "pollution", of "injury", of "health" and of
"property" and thus inevitably invites disputes over law
and fact, and provokes acrimony between neighbours. Nor
does the Boundary Waters Treaty which now provides for
such a prohibited regime do more than dictate to each party
that "thou shalt not pollute". There is nothing there
about remedies or procedures to help prevent conflicts or
settle disputes. The emerging doctrine of prior notice and
consultation combined with the opportunity to initiate an
investigation of an actual or potential conflict, that is a
Reference under Article IX of the Treaty, is, of course,
available.
While Article IV, therefore, is one approach, it
has tended to be "after the fact" and does not envisage any
prior joint planning of a shared transboundary water resource
where each partner may be upstream in some cases and, in
others, downstream.
The other possibility is to develop a water quality
management approach which by its very agreement on commonly-
shared objectives will prevent disputes and also will likely
enhance the possibility of the optimum use of a river without
stimulating harassing debates as to who "owns" what with the
right to use or abuse "his share" of the water.
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At present, Canada and the United States are
constrained in resource development activities only by
Article IV for the upstream neighbourand by local law
and policy for the downstream country. In such a situa-
tion the downstream state naturally will seek to utilize,
to the fullest extent possible, the potential municipal and
industrial uses of its share of the river. It also will
demand of the upstream state that the waters come to the
boundary free from pollution, at least to the extent defined
as "injury". Such debates tend to provoke procedural and
negotiating disputes that are likely to be not only distres-
sing but often insoluble. In the Commission's View it would
be far better to approach the problem of GDU and other basin
developments from the aspect of the equitable utilization
of the river basin or watercourse on behalf of both countries,
through a system of water quality management based on agreed
objectives and standards.
The obligation of the downstream country to
manage the uses of its waters is encouraged by the certainty
that the upstream country must preserve a level of quality
over which there will be no need for concern as that water
crosses the boundary. A new sense of mutuality of interest
thus is developed and it is expressed by the maintenance of
agreed water quality objectives throughout the length of the
river. This is not a requirement of the Boundary Waters Treaty
but rather is a conception that goes beyond that Treaty; and
this recommendation in no way affects or is affected by the
recommendation of the Commission with respect to GDU itself
since the Commission is making this recommendation with respect
to a Water Quality Agreement in and for itself.
The CommtAAton conctudeA that the two Govennmentb
Ahoutd negottate apphophtate wateh quattty agheementb ﬂat
the SouhtA and Red Rtvehé.
************
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Commissioner Bernard Beaupré, while in general
agreement with the majority of conclusions stated in this
chapter of the report, differs with some significant
aspects of the rationale cited as the basis for those
conclusions; in particular, he differs with the approach
taken by the Commission in the setting up of a Water
Quality Agreement. He has therefore revised the conclu—
sion and the recommendation into what he believes to be
more appropriate terms.
Commissioner Beaupré's separate comments with
respect to Chapters VIII and IX are set forth on pages




The International Joint Commission, in the
light of its conclusions on this inquiry, recommends:
1.
That because the "closed system" and the
McClusky Canal fish screen cannot with any
certainty prevent biota and disease transfers
which wouldcause severe and irreversible
damage to the ecosystem and, in particular,
to the commercial and sport fisheries in
Canada, those portions of the Garrison
Diversion Unit which could affect waters
flowing into Canada not be built at this
time. This is not intended to preclude
construction of Lonetree Reservoir, subject
to the conditions set forth in Chapter VIII.
That, if and when the Governments of Canada
and the United States agree that methods
have been proven that will eliminate the
risk of biota transfer, or if the question
of biota transfer is agreed to be no longer
a matter of concern, then the construction
of that portion of the Garrison Diversion
Unit which would affect waters flowing into
Canada may be undertaken provided the following
conditions are met:
(a) Any agreed modifications or other
measures required to resolve the inter—
basin biota transfer issue are incor-









Modifications to the Garrison Diversion
Unit for the reduction of highly—saline
soils, wetland habitat restoration and
lining the Velva Canal as required, all
described in Chapter VI of this Report,
are incorporated in the Project.
A program to verify the quality and quantity
of return flows from the Project has been
carried out and it has subsequently been
agreed that concerns on these questions
have been resolved.
Research to determine the nature and extent
of the complex nitrogen transformations in
the Souris River and also to determine the
ultimate fate of nitrogen in the Souris River
with the addition of return flows from the
Garrison Diversion Unit has been completed
and it has been agreed that concerns about
nitrogen have been resolved.
An agreement has been concluded for payment
by the United States of the capital and
operating costs of the mitigating measures
in Canada made necessary by the Garrison
Diversion Unit, and I
Appropriate agreement has been reached on the
efficacy of existing or new regulations or laws
ensuring the employment of best management
practices.
That the two Governments negotiate appropriate water











International Joint Commission's report to the
Governments of the United States and Canada on
the Transboundary Implications of the Garrison
Diversion Unit.
 








SEPARATE OPINION OF COMMISSIONER BERNARD BEAUPRE
While I am in general agreement with most of the conclusions
and recommendations of the International Joint Commission's report on
the transfrontier implications of the Garrison Diversion Unit, I feel
it necessary to differ from certain points of View of my five colleagues,
especially as they are expressed in the considerations leading to some
of the conclusions of Chapter VIII. This has also led to the rewording
of recommendation 3 in Chapter IX.
I would like first though to express my utmost appreciation
for the really admirable way in which the members of the International
Garrison Diversion Study Board have performed this task. There is no
better example of the total impartiality which high level administrators,
engineers and scientists can give proof of than the brilliant objective
analysis of such a difficult binational problem.
To the members of the International Joint Commission who had
to make an assessment of the Garrison project and its transfrontier
implications, it was also a very difficult problem. The Commission
studied in depth the Board's and the Committees' reports, the transcripts
of the public hearings as well as many other submissions and spent long
hours in arduous deliberations. Although it would have been generally
preferable for the sake of unity within the Commission to arrive at a
common understanding on all parts of the report, I have found it impossible
to concur with my colleagues on onepoint, and my analysis now follows:
I disagree strongly to the text on pages 116, 117 and 118
under the heading of Water Quality Agreement. In its report, the
Commission has taken for granted that it would be possible and desirable
for the two Governments to negotiate and sign, as one possibility, an
agreement on water quality for the entire course of the Red and Souris
Rivers. The basis for such reasoning emerges from the concept that the
upstream country which is forced to undergo heavy expenditures in order
to comply with the provisions of the Boundary Waters Treaty of 1909,
and to deliver to the downstream country at the Boundary water of an
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Gouehnment/s Ahoutd negotiate and At'gn an agheement to dete/Lméne the
ovate/L quaWy
objective/3 to be comm/ted with tn the Sou/Lbs and Red























































TEXT OF REFERENCE TO THE INTERNATIONAL JOINT COMMISSION
On October 22, 1975, the Secretary of State for External
Affairs for the Government of Canada, and the Secretary of
State for the Government of the United States sent the following
Reference to the International Joint Commission, through iden—
tical letters addressed respectively to the Canadian and
United States Sections of the Commission:
I have the honour to inform you that the
Governments of Canada and the United States of
America recognize that the proposed Garrison Diver-
sion Unit of the Pick—Sloan Missouri Basin Program
in the State of North Dakota has a potential for
causing pollution of waters flowing across the
international boundary into Canada.
The Government of Canada has concluded,
on the basis of studies conducted by the United
States and Canada, including certain studies con—
ducted by the United States in response to questions
raised by Canadian officials, that the Garrison
Diversion Unit, as currently envisaged, would have
adverse effects on the Canadian portions of the
Souris, Assiniboine and Red Rivers, and on Lake
Winnipeg, which would cause injury to health and
property in Canada in contravention of Article IV
of the Boundary Waters Treaty of 1909.





























































































































































Government of the United States has similarly
assured the Government of Canada that no con—
struction potentially affecting waters flowing
into Canada will be undertaken unless it is clear
that this obligation will be met.
In light of the views of governments as
expressed above, the Governments of Canada and
the United States of America have agreed, pursuant
to Article IX of the Boundary Waters Treaty of 1909
to request the International Joint Commission to
examine into and to report upon the transboundary
implications of the proposed completion and opera—
tion of the Garrison Diversion Unit in the State
of North Dakota; and to make recommendations as to
such measures, including modifications, alterations
or adjustments to the Garrison Diversion Unit, as
might be taken to assist governments in ensuring
that the provisions of Article IV of the Boundary
Waters Treaty are honoured.
In doing so, the Commission should examine
into and report upon the following and such other
matters as the IJC may deem relevant:
(a) the present state of water quality in the
Souris and Red Rivers, their tributaries
and other downstream waters, with particular
reference to the Canadian portions thereof,
which may be affected by the proposed comple-
tion and operation of the Garrison Diversion
Unit. The examination should include the
following:
1) total dissolved solids,
2) sulfate, sodium, chloride, magnesium,

















































































































































 (c) the effects of present water quality on
these uses;
(d) the nature, extent and location of impacts
on the quality and quantity of these waters
to be anticipated as a result of the proposed
completion and operation of the Garrison
Diversion Unit;
(e) the nature, extent and economic cost of
such impacts to be anticipated from the
proposed completion and operation of the
Garrison Diversion Unit on the present and
anticipated future uses of these waters; and
(f) the nature and extent of the impact on com—
mercial and recreational fisheries in Manitoba,
particularly Lake Winnipeg, of the possible
introduction from the Missouri River system
through the Garrison Diversion Unit of foreign
species of fish, fish diseases, and fish
parasites.
Should the Commission make any recommendations
concerning measures which could be taken to avoid or
relieve adverse effects on uses in Canada, what would
be the approximate cost of such measures?
In the conduct of its investigation and in the
preparation of its report, the Commission should make
use of information and technical data heretofore avai-
lable, or which may become available during the course
of the investigation. In addition, the Commission
should seek the assistance, as required, of specially
qualified personnel from both countries.
Both the United States and Canada ascribe
particular importance to the views of the Commission
on this matter. Accordingly, the Commission is
requested to complete its investigation and submit
its report in the minimum possible time, consistent
with a thorough examination of the subject, but in
any case, not later than October 31, 1976.
The Governments shall make available, or as
necessary, seek the'appropriation of, the funds required
to provide the Commission promptly with the resources
needed to discharge its obligations fully within the
period specified.
APPENDIX B
DIRECTIVE TO THE BOARD
 
 DIRECTIVE TO THE INTERNATIONAL
GARRISON DIVERSION STUDY BOARD
On October 23, 1975, the International Joint Commission
established the International Garrison Diversion Study Board
to undertake the technical investigation and to advise the
Commission on all matters which it must consider in reporting
to the two Governments. The following Directive to the Board
was issued on October 30, 1975:
l. The Governments of the United States and Canada
have forwarded the attached Reference, dated
October 22, 1975, to the Commission for exami—
nation and report pursuant to Article IX of the
Boundary Waters Treaty of 1909.
2. The Commission established the International
Garrison Diversion Study Board on October 23,
1975, to undertake, through appropriate govern—
mental or other agencies in the United States
and Canada, the necessary investigations and
studies and to advise the Commission on all
matters which it must consider in making its
report to Governments under the attached
Reference.
3. The Board shall advise the Commission as to the
transboundary implications of the proposed com—
pletion and operation of the Garrison Diversion
Unit and in doing so shall report to it upon
the following:
(a) the present state of water quality in
the Souris and Red Rivers, their tribu-
taries and other downstream waters, with
particular reference to the Canadian
portions thereof, which may be affected
by the proposed completion and operation
of the Garrison Diversion Unit. The
examination should include the following:
1) total dissolved solids,
2) sulfate, sodium, chloride, magnesium,
calcium and compounds thereof,
3) bicarbonates,
4) nutrients, including nitrogen, phos—
phorus and their compounds,














































































































































































































































































































































































































































































































































































































Diversion Unit which could be taken to avoid or
relieve adverse effects, if any, on water uses
in Canada;
and shall
indicate the approximate cost
of any such measures.
The Board shall prepare and submit for Commission
approval, as soon as possible, a plan of study
for the investigations that it proposes to under—
take, and a schedule of the estimated time and
costs involved in the completion of each of the
necessary phases and submission of a final report
to the Commission. This study plan should include
provisions, where appropriate, to afford oppor—
tunities for public participation before each
major step in the study. This may be in the form
of meetings, seminars, and other means of dissemi-






The Board shall carry out the program in
accordance with the study plan approved by
the Commission. If it appears to the Board
at any time in the course of its investigations
and studies that the program should be modified,
it shall so advise the Commission and request
instructions.
The Board shall submit its final report, and
appendices, if any, to the Commission no later
than August 1, 1976.
In the conduct of its investigation and in
the preparation of its report or reports, the
Board should make use of information and tech-
nical data heretofore available, or which may
become available during the course of the
investigation.
The Board will consist of a United States
Section and a Canadian Section, each having
six members. The Commission will appoint one
member of each Section to be Chairman of that
Section. At the request of any member, the
Commission may approve in each case an alter—
nate member to act in the place and stead of
such member whenever the said member, for any
exceptional reason, is not available to act
as a member of the Board.
Members of the Board, and of its committees
and working groups, whether or not employed
by departments or agencies of government,
are not representatives of their employers.
They serve in a personal and professional
capacity under the direction of the Commission,
and their employers or superior officers are
not committed in any way by the actions of
the individual members or of the Board.
In carrying out its functions under this
Directive, the Board will act as a unitary









The Chairmen of the two Sections shall be
joint Chairmen of the Board and shall be
responsible for maintaining proper liaison
between the Board and the Commission and
between their respective sections of the







































































































































































































































































































































































































































































































































































































































































































































mission currently informed of the Board's plans
and progress and of any developments, actual
or anticipated, which are likely to impede,
delay or otherwise affect the carrying out of
the Board's responsibilities. To this end the
Chairmen shall submit, at least monthly and more
often if necessary, reports to the Commission
describing the progress that has been made and
any problems that have arisen in the investi-
gation. All such reports shall be sent to the
Secretaries and each member of the Commission.
If, in the opinion of the Board there is a
lack of clarity or precision in any instruction,
directive or authorization received from the
Commission, the matter shall be referred promptly




The Board shall not conduct public hearings
but will be provided withcopies of the record
of any hearing conducted by the Commission
which relates to matters within the Board's
terms of reference.
In its dealings with the public and the news
media, the Board shall observe the principles
of the attached Public Relations Policy of
the Commission as supplemented by the provi—
sions of the study plan of the Board when
approved by the Commission.
 APPENDIX C
MEMBERSHIP OF THE BOARD
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MEMBERS OF THE INTERNATIONAL GARRISON
DIVERSION STUDY BOARD
The International Joint Commission appointed the
International Garrison Diversion Study Board on October 23,
1975. When the Board submitted its report to the Commission

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T. Albert Sandercock, Soils
and Crops Branch, Manitoba
Department of Agriculture













toba Department of Mines,
Resources and Environmental
Management








J. Robert Calton, Army Corps
of Engineers, U.S. Depart-
ment of the Army, Chaiaman
Eugene J. Doering, Agricul-
tural Research Service, U.S.
Department of Agriculture
Richard L. Gold, Bureau of
Reclamation, U.S. Depart—
ment of the Interior
Walter R. Scott, Geological
Survey, U.S. Department of
the Interior
David A. Sprynczynatyk, Engi—
neering Division, N.D.
State Water Commission
Ronald D. Hofer, Environmental
Management Service, Environ-
ment Canada, Chaiaman
Walter M. Bilozor, Environ—
mental Management Service,
Environment Canada





E. Harcourt Hobbs, Research
Branch, Agriculture Canada








C. Fred Hunt, Bureau of
Reclamation, U.S. Depart-
ment of the Interior,
Chaiaman
Peter L. Balkan, Soil Con—
servation Service, U.S.
Department of Agriculture
Louis E. Kowalski, Army Corps
of Engineers, U.S. Depart—
ment of the Army
J. Stevens Lanich, Region VIII,
U.S. Environmental Pro—
tection Agency
Delton D. Schulz, Engineering
Division, N.D. State Water
Commission
Canada
G. Hugh MacKay, Water
Resources Division, Manitoba
Department of Mines, Resources
and Environmental Management,
Chaihman
George D. Balacko, Environmental
Management Division, Manitoba






























































North Dakota State University



















United States Geological Survey
Minnesota Pollution Control Agency
United States Army Corps of Engineers
United States Department of Agriculture


















University of North Dakota
























































Manitoba Department of Agriculture



















































PERSONS PRESENTING BRIEFS OR
TESTIMONY AT IJC PUBLIC HEARINGS
Where witnesses testified more than once at any one of the
hearings, only one appearance is recorded.
1975 HEARINGS
Novembeh 18, 7975 at Minot, Nohth Dakota
 
Chester Reiten for the Hon. Milton R. Young, U.S. Senate
A1 Kramer for the Hon. Quentin N. Burdick, U.S. Senate
Ernest N. Schmit for the Hon. Mark Andrews, U.S. Congress
Senator Walter Erdmann, North Dakota State Legislature
Garry Bye, State Representative, North Dakota 5th Legis—
lative District
Senator Rolland Redlin, North Dakota State Legislature
Chester Reiten, Mayor, City of Minot, North Dakota
C.W. Baker, Member, Board of Commissioners, Ward County, N.D.
William L. Guy,
former Governor,
State of North Dakota
Dr.
Sean Brady,







Mrs. Charles Hawley, Coleharbor, N.D.
Mrs. Herbert Nathan, Coleharbor, N.D.
Albert Klain, Turtle Lake, N.D.
Mr.
Lynn Aas, President, Minot Chamber of Commerce
Alvin A.
Kramer, President,
Upper Missouri Water Users
Association (Montana/North Dakota/South Dakota & Wyoming)
Monroe Raugust, farmer
James L. Grahl,
Basin Electric Power Cooperative











The Reverend Arvin W.
Roose, Chairman,
North Dakota Group,



































































































North Dakota State U., Fargo
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Novemben 79, 1975 at Minot, North Dakota (cont’d.)




























































































Mrs. Aldarese Klain, Turtle Lake, N.D.
Ms. Paula Ward, for Friends of the Earth
Mr. Valdemar Hovde, Minot, N.D.
Jerome Sabbe, Surrey, N.D.
Mr. Sondrul, McLean County, N.D.
Carl Kuehn, North Dakota Farm Bureau















































































































Legislature, District 15, Devils Lake


































































































































































































































































































































































































































Novemben 20, 1975 at Winnipeg, Manitoba (3:00 p.m.)
Bernie R. Wolfe, Deputy-Mayor, City of Winnipeg, Manitoba
Dan McKenzie, City of Winnipeg
The Hon. Sidney Green, Minister, Department of Mines, Resources
and Environmental Management, Province of Manitoba
Dean Whiteway, M.P., Government of Canada
J. Murta, M.P., Government of Canada
Sean Brady, U.S.A. Division, Department of External Affairs,
Government of Canada
Sidney Spivak, Member of the Legislature, Province of Manitoba
J.D. Watt, Member of the Legislature, Province of Manitoba
Donald Craik, Member of the Legislature, Province of Manitoba
Dr. W.G. Bowen, Assistant Deputy Minister, Environmental Management
Division, Department of Mines, Resources and Environmental
Management, Province of Manitoba
B. Berck, Chairman, Manitoba Environmental Research Committee
Milo W. Hoisveen, resident of Manitoba
Novemben 20, 1975 at Winnipeg, Manitoba (8:00 p.m.)
  
Dr. J.P. Bruce, Inland Waters Directorate, Environment Canada
Dr. J. Lawler, Fisheries & Marine Services, Environment Canada
Lloyd Wersch, Mayor, Town of Selkirk, Manitoba
D.G. Rodger for City of Portage La Prairie & Town of Souris, Manitoba
Clem Busby, Councillor, Town of Souris
Jesse Rieber for Ojibway Tribal Council, Southwestern Manitoba
Ms. Steidinger)
Ms. Repa )
Mrs. Joyce Glendinning, resident of Manitoba
T.G. Thompson for Transcona Game & Fish Association
Mrs. Helle Cosby, resident of Manitoba
Paul Murphy for Manitoba Wildlife Federation
Dr. G.R.B. Webster, University of Manitoba
Ralph Baker, Winnipeg
Kenneth Emberley, Winnipeg
Ralph Oliver, Carberry, Manitoba
Tom Shay, Association of Manitoba Archaeologists, Anthropology
Frank Jones, Souris River Water Commission
Dr. Lansdown, Manitoba Environmental Council
0. Kremers, Manitoba Environmental Council
Percy Brockington for Souris Valley Flooded Farmers Association
Gunter Schoch for Manitoba Parks & Recreation Association
Eric Stefanson for Interlake Development Corporation, Inc.
Robert Sopuck for Manitoba Naturalists Society
Roy Johnstone—for Prairie Environmental Defence League
Brian Katz, University of Manitoba
Mrs. Gloria Joshi, Whitmark, Manitoba
Dr. Cas Lindsey, University of Manitoba
Gene Charron, local resident
Mrs. Ora Hlady, local resident





































































































































































William Ryan, Mayor, City of Harvey, N.D.
G.R. Garnant, Bantry, N.D.
Ivan Goheen, Minot, N.D.
Robert Ebel, Fessenden, N.D.





























































































































































































































Jerome Sabbe, Minot, N.D.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mahch 15, 1977 at Gaahd FoahA, Noath Dakota (70:00 a.m.)
Maach 15, 7977 at Gaahd Foahb, Neath Dakota (2:00 p.m.)
Arthur Link, Governor, State of North Dakota, Bismarck, N.D.




























































Richard Hentges, Mayor, Fargo, North Dakota
Robert Ralston, Mayor, Mayville, N.D.
L.C. Loerch for Mayor of Harvey, N.D.
Roy Holand, Attorney, Lamour, N.D.
Bernard Veulek, Crete, N.D.
David Locken, Oakes, N.D.
Michael Sweeney, Fargo, N.D.
Lorin Forens, Fargo, N.D.
Gertrude Lizakowski, Grand Forks, N.D.


































































































































































































































































































































































amount was received by mail.
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